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ABSTRACT / 

This guide contains the procedures and lists of 
materials needed for 105 aviation activities,, demonstjrations, and 
experiments. These^activi ties , demonstration!;, and experiments 
(suitable for studeiHs in all /elementary grades) are orga^nized into 
threre sections by major topic' areia: (1) properties of air; (2) 
factors related to airplane flight; and (3) the importance of weather 
to aviation. Among the specific topics in the .first section are: air* 
weight, pressure, an^ mot ion ;/ expansion of air by heating; moistui;e 
in the air; and how things float or £],y in the ai^r. Speci'fic topics 
in the second section include: airplane wings and propellers; the jet 
airplane; -how, an airplane is controlled; and wind tunnels. Speqif ic 
topics in^ the third section 
i^ind; temperatyre; moisture 

included is an introductory section with drawings showing how the 
structure of an 'airjtl^ne/ is similar to tne anaton^ of a bird and a 
fidh. (JN) ^ 



include: general weather conditions; 
in air; and atimos^heric pressure. Also 
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For the' compilation of "the material in this book and the research 
required, the Civil Air; Patrol is indebted to Ihe earnest, airmindcd 
teachers who' were a part df the Curriculum Laboratory at the 
National Aviation Education Workshop held at Miami University, 
Oxford, Ohio.- From .their own experience they kpew the needs of the 
classrooms and willingly and happily gave of their experience as well 
as 9f their time from school vacations. No one regional need is recog- 
nized above another, for on this small committee alone are represented 
the States of Hawaii, fndiana. Ohio, and New York, and the Conunon- 
wealth of Puerto Rico. ^ 

The ideas for illOsJrating the demonstration aids are theirs also, but 
certain of the drawings as they appear in the manual are the work of 
A/2C Jame* E. Tapp, Headquarters Civil Air Patrol, and to him alto 
is offefcd here our appreciation. Appreciation is also due Juanita Hilton 
for editing and combining into one book the kveral basic manuscripts 
prepared by the committee. 



Introdudion; FROM TEACHER TO TEACHER 



This manual is meant to be a springboard toward your own ideas for \ 
demonstrating^ concepts of the Air Age to your ^ihildren, , whatever the 
grade level. Even little children can learn scientific principles through 
simple teaching aids; old?r pupils .can bene^t by a review using the 
same demonstrations. In some instances, these aids may Ite^set up \^ 
>the teacher; in others, by the children as a group project; in still others, 
by each child with a minimum of teacher direction. ' 

Many of these suggestions we have»^sed in oyr own classrooms. All 
of them we feel to be of value in illustrating the princi|>les involved. 
. They are not new. Similar d«n»onstrations and experiments may be' • 
found scattered throughout numerous books, but we have tried to . 
assemble in one manual tl^ose we believe to be most helpful to tife 
teacheriii introducing her pupils te natural science. We do not pretcim ^ 
to cover the field, but trust in the ingenuity of^our ffel low-teachers to" 
enlarge upon our beginnings. . ^ 

Learn as you teach, and have fun! \ 



The Committee: 
oMary Coleman 
Ramon Gonzales 
Elizabeth Harris 
Robert K. Iwamura 
Wathen D. Leaser 
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Prolbgue: WHAT iS AN AIRPLANE? 



it is oiso something like q flsii~ 




it lios o body; 






and o toil colled o rudder; 



ond o dorsoi fin; 

s « 



So when we put the bird ports ond the fish 
por4^s together we hove on oirplone* 



Then we give it on engine to molce if 
go ond o pilot to steer it. 




: 6 

\ 



J. I PROPERTIES OF AIR 
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''Wfuitfis it that you can touch 
But cannot feel; 
That has no size ok shape 
But still is.reair - 



\ 



AIR TAKES UP ROOM 

I: I'quipnicnt: 

Stella- fH>p battle f 
Small funnel 

(^PHl of water 

ScaMhc funnel tightly into the neck of the bottle with 
nuxieling clay. Pour the cup of water into the funnel 
qhk kly. The water stays in the funnel because the air in 
the bottle cannot get out. 

Pass the straw through the funnel into the bottle. 
Suck out a mouthful oC air. Some of the water goes 
down into the bottle, taking the place nf the air sucked 
out. ' • - 



2. Fquipment: 



Wide-nfcckcd bottle or jar with a/i air-tight lid 

Soda stfaw 

Mod&ling clay 

Smal^balUxia 

Thread 

Blow the ballwn dp jusj enough to fU very loosely in 
the tH)ttlc. Tic a thread around the neck of the balloon 
so the air will not escape. Drop the balimm into the 
bottle. PuncH a hole in the lid and insert th^straw"; 
seal it with miHleling clay. Screw the lid on the tx)ttie. 
Suck some of the air out of the bottle through the straw 
and clamp your fmger over the top-of the straw tt) pre- 
vent air from rushing back into the bottle. J he balloon 
gets larger because the air inside the baikwn expands 
as the air pressure decreases in the bottle. 
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3« Equipment: 

Wa!5r glass 
Corkr 

Large glass bowl . 
Vacial tissue 

the bowl about three«Jourths full of water. Drop 
the cork on top of the water) Invert the glass over the 
cork and push to the bottom of the bowl. The cork 
goes to the bottom' of the bowl under the glass. Air in 
the glass kee^ the water out. 







in bubble 



Remove the glass and the ccrk. Stuff facia! tissue 
into the bottom of the glass. In/ert the glass and push 
to the bottom of the ht>w]. The tissue doe » r.;>t get wet. 

Equipnient: 

2 wafer glasses 

Large dishpan or other container filled with 
water «^ 

Air, Jike water, is fluid — ypu can pour it- Place one 
glass into the container so that it fills with water. Place 
a second glass info the water upside down so that tfi^ 
air ^locs not escape. Carefully tift the air-filled gj^ss 
under the water-filled glass. By doing this, you can 
pour the air up in bubbfes. Each bubble is a little 
package of air made visible by beitlghi the water. With 
a tittle practice you can keep pouring the air back and 
forth l)ctwecn the glasses with^t losing any of it. 

i 



5. Equipment: 

Soda pop bi>ttle 

'^an of water ^ , 

Put the bottle into the pan so tfiat it fills up with 
water. Before the water can get into the bottle, aif 
must flow out. Watch the. air bubbles as they rise to 
the surface of the water. ^ . 
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6. Equipment: 

Round balloon 
Long balloon 
Basketball 
Foojall 
Infief tube 
Paper bag 
Plastic bag 
Soap and water 
Bubble pi^^ 




Blow air into a round balloon and into a long 
balloon. Put air into a basketball, a football, and an 
inner tube. Blow air into a paper bag. Catch some air 
in a plastic bag. Blow soap bubbles. K 

Air takes up room and assumes the sh^pe of the 
object into/<vhich it is blown or i^ito which k flows. 

AIR HAS WEIGHT 

7. Equipment:" * 

Wooden dowel stcKrk or tinker toy stick about' 

a foot long 
String, 1 yard 
. 2 balloons exactly alike 




Blow up the balloons to the same size, and tie them 
at tl^ir i^ks with a piec^ of string. Tie one balloon to 
eaqh end of the dowel sUxrk. Attach another of 
^ string to the center of the dowel stock and suspend it 
from some convenient pladl. Balance the dcwel stock. 
^ Prick one ballcK>n with a pin. As the air rushes out, 
the pricked ba]|6on shoots up and the heavier, air-filled 
one drops down. ^ 



8. 



Equipment: 

Football or basketball 
GcKxl scale 



Squ^ze all the air possible out of the batlr then 
weigh balL Blow the ball up again and weigh it. 
The infiateci ball should weight a few ounces more^ 

f ' 
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9, Equifnneftt: 

Woocten upright 

Rod about 4 feet long ' , 

Pail 

Sand or gravel 

Deflated ball (basketball, volleyball, or soc- 

cerball) 
^icyele pump 

Nail the rod at the cfnter to the upright,' Suspend 
deflated bajl at o!)e end and the p^il at the other. Using 
the sand, balance the two. Inflate tl^ bail, pumping as 
mu^h air as' the ball will take/ Rej^ace it. 

The ball jU)Us *do>vn and .unbalances the pail of sand, 
showing that^lr does have weight. 

* AIR HAS PRESSURE ^ 

Sim^ moving air particles have weight, they press 
with force against whatever they touch. Air (Miessn 
upward, downward, sideways — every way. Air presses 
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on all sides of our U)4Jics, but we do not notice it be- 
cause our Ivdics arc niade to witfistand this pressure. 

10. Hquj^inent: 
Water glass 

Piece of thin, tlat cardboard 

V\\l ghiss to the top with water. Place the cardKnird 
over the jtlass. Carefully turn the glass upside down* 
holding cardK>ard tightly to the glass, lake your hand 
away from tlie cardKnird. The cardKxird stays in 
place against the glass. Tilt the glass or hold it side- 
ways/and the cardl>oard still remains in place. 






At A and H the upward. and di)wnward pressures 
balance, but at i\ the upward pressure of air is grtfater 
than the downward •pressure of water and holds the 
vaidhijard in place. 

II. l.i|uipnien!: ' 

5i4»da straw or glass tube 

Put Viuir linger iwer the top of a Mnla straw filled 
with water^l.dt 4)r tilt jt. I he water will not run out 
because your linger cuts^^lf the air pressure on top, 
^lut air still nxifsscs up against the water at fhe bi>ttom^ 
.of the s\\'/s. lake your tinger n>irTiy, and* the water 
runs out of the straw. i 



12. 



f Ajuiprnent:* 
Bott 



Bottle or jar with a tight cap 
Soda straw 



Modeling clay • ^ 

f ill the jar up to the cap with water. Punch a hole 
in the- cap and insert the soda straw. Seal tightly 
around thcStniw with clay. Put the cap on tightly so 
that no air can get into the K>ttle.^ow try to suck 




the water out of the lx)ttle. No matter how hard you 
suck, the water will not How through the straw. Re- 
lease' the cap on the fx)trie >ust enough to let rn some 
air, and try <i> suck the water through the straw. Now, 
as 4yi)u suck through straw, ihe air piessure is 
lowered inside the straw. * Air picssing 4in the surface 
of the water in the N>jtlc pushes it up through the*straw 
as y4)u suck t^UiUigh it. 

An elephant has a built-in stiaw^ and he puts air 
pressure to,W(>ik. ever\. lime he takgs a drink. Mcj^uts 
his trunk in w;rter and breathes in to dra\\ fife air out 
of his trunk. As he di^*s this the uater fills his trunk. 

vs. I-quipment: / 

' Large n)edicinetd!4>p{^M i>r an\ kind of a tube 

with a suctujn bulb ' ' 

Put the drwpper i^r tuK" in a pan of water and 
squeeze, the attached bulb ftucilig the air out 'of fhe 
tube. Refe^jse the bulb. Water now rushes into the 
tulx:, I ift tlie lOfv oUI t>f the *\vatcr. Ihe vsalet does 
not run out. Air puslies i^n ^le water irj the tube and 
holds it there. 



mediclhe dfopper 
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4. Hqiiipmcnt: 

" 2 large, \hiu rubber junkj^sU^ 

Air pressure tug-of-war: 'After we 
faces, press' the tuo sink-stoppers to; 
air is K'tween' them, "^sk a friend to pull on 
you pull th^- other. You can't pull them apart. But 
just let the air get in Ixrlvveen liie pads or plungers, 
and prestti* they sepiuate. 




I 



lujuipniem: ^ \^ 

t in can wuh a ^creWnm metal cup. such as 

ti maple syrup can 
Hotplate or burner 

\fakt' \urr tlit' i un is .dean. Pour at^^t an inch of 
h<>t water into the can. Put it on tfur burner and heat 
It until you see the steam coming out of the opening. 
Wait aniUhcr few sec(mds and turn i^fj the heat. Screw 
•the cap on lightly and wait for it to eoiil. The can .sud-^^ 
^cnly beg^s ti) cave irt. 




cooiea can 



I 



When ft was heated water turned into steam^ri/mg 
out most t>f the air. Now as the can cools, the steam 
turns back into water, leaving neither air nor steam 
inside the can. A partial vacmmi has. been created. 
CVmsequenily. the pressure of air outside the can, bring 
greater than that inside the can, crushifs the can. 

AIR MOVES 

The air is moving all^ the lihic, whether we feel it or 
not. » * r * 



16. Put %omc ratfier strong perfume on a piece of 
cotton. Have llic chiWren raise the^ hands^as soon as 
they smell it. 



I 




17. Burn a« piece of stiing or a piece- of -'punk" in 
a dish. Notice the direction tJie smoke travels. 




r 

18, Notice the trees. Are the leaves nu)Ving? Are 
the trees bendjmg? 




19- Wind is moving air. Create a wind by fanning 
yourself with a piece of paper, moving your arn^ 
rapidly back and forth ani^^ turning rapidly around the 
room. ' » < 




20. Hold a sheet of paper at mouth^level and blow 
hard, . 

21. Hold a siicct of paper in front of an electric 
fan, I'asten some strips of paper to Jhc electric Can. 

22. Hlow a ping-pong kiwacross a table top. 

2X l-quipnien(: ^ 

• •Card 

Cork 

' ' Fan ^ ^ 

I'hurnb tack ' 
SiHla straw ^ 
Pan of water 

M ike a t<>v sailboat out of a card, cork, and a thumb 
fack. Put it in ihe sink 4>r in i] pan of waters Blow on 
it. Blot% on it through a straw, Fan it with a fan. 




' thumb +»tk 



liiuipmcnt: 

* I'afvr* b inches square 
Pin 

Pencil with eraser 

Mike a sihiple pinwhcel. Draw diagonal lines across 
the' 6 inch square of paper. Cut along the lines to a. 
|)oint about one-half inch from the center of the square. 
Bring alternate points together so that tiiey overlap 
'm the center. Push a pin through the fx^ints of the 
paper and the center 'of the square and then into the 
iscr on 4he end of a pencil (A stijA rather than a 
pencil may be used. ) ' s \ 
. Blow on it;"walk with ^; run with it, holding it at 
difTerent angles as you run. Hold it near the blower of 
a ventilating system or in front of an electrit f^n. 





pencil 



HEAT CAUSES AIR TO EXPAND 

25. Hquipment: 

« BalUnin 
Thread 

lc£dwater or snow ^ 

Blow up a balUH)p- Tie the^ end tightly to prevent 
air from escaping. Hold the balkxin over a hot radia- 
tor or t>ther source of heat. Heaf will caUst the air in 
the balloon to ^expand. Put the balkxm on snow or in 
a dish of iced water. Cold will cause the air in the 
ballwn to contract. 



^6, Equipment: - * . 

Balloon 

Bottle or water glass 
* Candle or pan of hoi water 

Put a balUnm over the m<>ut^ of an empty bojtle or 
glass. Heat the air in the buttle oVcr a lighted candle^ 
a pan of hot water, or* a hot radiator. The heated air. 
expands and further inllatcs the bafliHJn/ 




balloon 



27; FqUH^nicnt: . • 

. Water gli^s , 
* Pair of hot water 
' Sciss4>rs 



Cut the neck i>ff a balkwn. yeat an empty glass rf( a 
pan ot hot water. Slip the opening of'thc ballooftover 
the mouth of the glass. l,ei the glass ccxil. Thelccx^t^ 
air contracts and siivks the balkK>n into the glass. 





2a 



I quipment: 
Hubble pipe 

5voap> water • ^ 
' ' ' Blow ' soap* f>iil^f^lc's* ' ^itisciiss wfiy they tU^at ; ' f The 
bre^ith is warm: as ihc bubbles bc^in to cool they begin 
to settle. Observe ^ f^'^^^^^^Cft^T^ when you blow bub- 
bles over a hot radiati>r. V^^I^^Tj 

29r rtjuipmcnt: * 
l est tube' 

Cork ' " * . ' 

Put a a>rk fn a test tube, but not tcxi lightjy. tiold 
the corked tube over a source (\f heat. As the air 
\varms ami srxpands. the cork will pt^p out. 

co^k 



i'est tube 



- heat 

n 



sb. Kquipraeht: ^ • - ^ 
^ Ordinary th<*rmometer * 

Find the* temperulure of trt air near the ceiling and* 
near the floor. Compare the readings and discuss why 
the warmest air fs near the ceiling. . 

31. ^l^uipnierft: 

• Strips'bf paper . . 
Thumb tacks op scotch tape * • 

'Opep i window at the' 4op and- at the bottom. 
Fasten ?itrips^ of paper so that they will hqng in the 
opening*; and W moved by the air curreiits. I^jtice 
whg;e the air, is moving into the riwm and where it is 
moving out. The air ctiming in at the bottom of the 
window is c^ooler than the air in the rm^ni. It forced 
the warm air to rise. ' ^ 

AIR CONTAINS MOISTURE ^ 

32. \Vhcn the children paint pictures, discuss where 
the water gi^s when the pictures dry. 

33- Discuss *wha^ hapj:H:ns to the water given to * 
pitted plants, 

31. Put some water in a shallow dish on the win- 
ilow sill. Leave it for a few days, then observe. Whcrt 
did the water go? . 

3.>^ Boil a small amount of water in a sh.iliow pan. 
Observe what happens. Discuss what happens when 
water evaporates. Help the children to understand that 
water evaporates fwm rivers, lakes, streams, and ponds* 
and that when water evapc^rates it goes into the. air as 
water vaptir. 

« > 

WARM AIR HOipS MORE MOISTURE 
THAN COLD AIR 

36. Equipment: 

2 water ghrsses 
Ice cubes 

Fill one jjlass with warm water. Fill another glass 
with water and ice cubes. Water collects ox\ the outside 
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of the ^ass which has the ice cubes tn^jt. This'^is \&^' 
cause, the cold glass cofms inAntact with the warm, 
moist air of/tUte room. Help tm childinefi understand 
why this happens. * (This experiment works 4>etter on 
warm, mois.! days^in the spring, summer, dnd fall than 
in arttficiaUy-heat^^rooms \n the winter, J 

37. Equipments * ^ 

, Teakettle with a spQut . ^ ' 

*Hot plate ©r burner 
Large strainer 
« 2 irays of ice cubes 
^ Medium-sized pan with handle* 

Boil water in the teakettle until steam comes from 
the spout. Notice that the steam disapp^ai^ into thd 
air almost immediately^ Fill the sti^iner full of ice 
cube<r^ncf holdjt near the spout of the teakettle so the 
steam will -go through it Clouds form as the steam 
cools. Help the children understand why, 



A baUoon filled with a gas lighter than air rises and 
floats in the air. 




Fill the pan with ice cubes and hold it where the 
steam from the teakettle will hit the sides of tlw pan. 
Wt^n the hot vapor or steam hits the sides of the pan, 
little drops of water gather on the outside of the pan 
and drip like rain. 

AIR HOLDS SOME THINGS UP 

The force of gravity acts constantly upon ot]^cts, 
causing them to fall toward tl^ earth. Objects rise 
only when the force of the air upward is greater than 
the force of gravity (fewnward. 

Leaves Hoat in the air. 




Some sced^ are carried by the wind. 




f A blimp is a kind of balloon filled^ with a g%s which * 
IS than air. 

38. Equipment: 

Silk handkerchief 

SmaU ball or doll » 
String ^ 

Make a parachute with a silk, handkerchief, some 
String, ffnd a sm^ll ball. or a small" dolK Tie about ten 
inches; of string to each corner of the handkerchief. 
Fasten each pie^ of string to the ball or tfie dolU Tpss 
the parachute into the air, or let the children drop it* 
frpm the top of the **monkey bars." 




A parachute floats downward toward the earth 
through the air. When an object falls from a great 
height it picks up speed, but the resistance of air finally 
cau^S it t9 fall^ at a steady speed cillled terminal 
velocity. The large su^ace of a parachute acts as an 
ay* brake, checking the velocity of the person or Ob^ct 
attached and n^tng possible a safe ]and^ngr^^ 

39. Have the children repeat this experiment with 
other objects — ajcather, a^ piece of paper, a pencil, a 
silk ^rf, a. piece of cotton cloth, a kite, etc. Take the 
objects out^de on a windy day and try them out 



40. Equipment: 

' I stick, >/4" x^"x24'" 
1 stick, V4"x^"x24" 
Paper, strong, 16" x24" 
Glue' 

l.ung. narrfw strip t>f cloth' 
Siring * • * 

J 




« c < t ' 



The forces acting on a kite: 

Wind pressure beneath the kite tends to 
hold it up. 




The siring keeps th^ kite headed 
into the wind. 

The tail keeps tiie kite upright. 

Gravity tends to pull the kite down- 
Wind helps a kite fly, unless the kite is being pulled 
through the air. A kite should be held at an an^e to the 
wind which allows the air to strike agamst the under 
irfacc of the kite in such a manner as to direct the 
kite upward iis the air strikrng the kite is <teffected 
downward. 



» If yaiLcclease the kite stririg, the kite ^vll fall to 
the earth. It falls l>ecause the angle at which the sur-^ 
face of the kite has been held toward the wind has 
b^n changed.- The lift upward caused by the angle at 
which the kite attacked the air is now less than the puU" 
of gravity downward. 



SOME THINGS IN THE AIR 

A bat is a mammal that flies in the air* 




A bird is a fowl that flies in t^air. 

A butterfly is an insect that flies in the air. 

An airplane is a machine that flics in the air. 



r « 4 « V 4 « « ' 
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'Ektutpmeoti<««4r^^ 

Toy, airplane with rubber band motor 
Balsa glider 

Compare a toy airplane having. a rubber band motor 
with a balsa glider, l et the children \]y thcnS. The to> 
airplane has wings like a bi^ airplane, it has a pnv 
peller^nd a motor. The rubber band is the motor. You 
turn the propeller to wind up the rubber band. ^Wheii - 
you let go, the rubblr band unwinds and turns the - 
propeller. The propi?llcr pulls the toy airplane through 
the ain 





The glider dcxrs not have a profK?ller or u motor ^ 
Wten you toss tte glider into the air, the aff pushes up 
on the wings. I hfS* pressure keeps the glider from 
cqming straight down. 



lie 
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n WHAT MAKES AH. AIRPUNE FLY? 



WINGS 

The force that lifts an air}>!ane aTiif«>lds* it up comes 
in part from the air that flows swiftly over and under 
its wings. 

42. Hquipm^t: ^ 

Strip 4)f nofefxK)k pafH^r or newspaper, atx)ut 

2 ♦fKhcs wide and 10 inches long 
Bt)ok 

Paper clips 

Make an airfoil (wing) by placing one end of the 
....strifxafc4>apcf,h(L:twi:i:j\.lbv\p^tg^'Wf the h(x>k'S4) that 
the other end hangs over the top m the book as shj^wn 
in diafiram A. Move the NH)k swiftW through the air, 
or blow across the top of the strip of paper. It flutters 
upward. , 



air (Ofi^^sure at" tir\c 4-0|p 




air pressure 

^4 -frhe boitom 



lliifif fhc b*H»k in ihe brcc/c of an electric -fan st) 
air bkiws over the top of ihe paper. 
* Take the strip of paper out <»f the Kx)k. Cirasp one 
eml t»f Ihe paper and >et it against your chin, just below 
your mouth, flold it in place with your thumb and 
blow 4)vcr the top of the strip. Ihe paper rises. Try 
the same thing after you have^fastencd a paper clip ot\, 
the end of the strip. See how many ca|:^r clips you can 
lift in this way. 



erJc v 



^o(d the strip of pafx^r in your hands and run 
around the rtH>m. 

It di>esn*t matter wheflicr you move the air over the 
strip of paper by blowing or whether ycui movq the , ^ 
pafKT rapidly througl| the air — cither, way it riscji. 



ait pressurtattht+op 
is Ussthati 




the tootto)h 



B 



Henumlli s prim iple states that an increase in the vcloc- 
jly of any fluid is always accompanied by a d<|trease in 
pressure. Air is a fluid. If you can cause the air to 
move rapidly on one side of a surface, the prcjjsure on 
that side^of the surface i^ levs than that on its other 
side. ^ . 



faster movin3 air. 




, Slooiei' moving oir»# 
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Bernoulli^ principle works with an ^irplaiK wing* 
In motion, air hits the leading edge (front edge) of - 
the wing. Some cJf the air movo un^cr the Wing, and 
soqic of it goes over the top, Th^ air moving over the 
top of the curve{f wing must tr&vcl farther to reach ^ 
nhe.back of the wing; consequently \\ must travel faster 
^han the air moving under fhe wing, to reach the trail- 
ing edge (back edge) at the same time. 'Therefore the ^ 
air pressure on top of^lhe wing is less than that on the* 
* bottom ot the wing. % ♦ 



43. Hquipment: 

2 sheets of noteUx)k paper 



Hold two sheets of notebook paper about four inches 
apart.* Blow between them. Instead of flying apart 
they come t(igether. The air moving rapidly between 




the two pieces of paper has less pressure than the air 
pressing on the outer sides of the paper. 

4H. Equipment: 
Pin 

Cardboard. 3" x 3", lightweight but firm 

Place the pin through the center of the cardboard. 
Place the spool- over the pin so that the pin goes into 



the h^le in the s^il. Hold the c 
and blow firmly through the sp<H>l 
The card does not fall. 



/ 




air moving i^a|»idty cornfs 
out h«r«**tower« the ivf^ftssui^ 
^ betwe«n card and %pool 

\ yf] 

^ ^ blow here. 



B. 



45. Equipment: 

Ping-pong ball ^ 
Tank-type vacuum cleaner 

Connect thfc hose to the blower rather th;^n to the 
suction cpd of the vacuufti cleaner. Turn the switch * 
on. Hold the hose vertically so the stream of air goes 




piri3 pong bdll 





Straight up. Release Xhc ping-pong ball into the stream 
of air about a foot from the nSzzle. Slowly tip tl^ nose 
so that the air shoots at an angle, i^he ball will stay 
suspenc^ in thc'^trstrcam. Tte foife of gmvity upon 
the bail tends to make it drop out of ihe airstream. 
However, (he fast moving airstream lessens the air 
pressure on the portion of the ball remaining in the 
airstream, overcoming tfw force of gravity, with the 
result that the ball remains suspended. 
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PROPELLERS 0 

Wings jiivc an airplane lift, but they do not drive it 
forwaril In some airplanes the propeller (turned by 
an Cfkinci^drivcs the plane forward by pushing the air^ 
t>ack\vard. I he air' reacting io the action uf fhe prow 
pellcr. pushes it forward. ' ( l or every action, there is 
an equal and oppi>s^ teaetion t^ewum s Third Law/ 
t^f Stotnm. ) As Ihc propeller is-attached to the plan*, 
it pulls the plane thri^ujiti the air. 

. t<>, I quipment: 

Waitoft or ! oiler skafe- ^ 
V SinaH electric fan with Ioph extension cord 




Put a pn^eller cm anylhjn/' ^hat can move- A wagon 
or a roller skate, t^se a small electric fan with a very 
long* extension C4»rd for a propeller. Set it firmly on 
the r<»lier skate ot wagon. I he fan drives the wagon 
or skate backwaids. f his \< because tRe blades arc set 
to throw the air in ffont (»f the fan. 



47. l-quipment lor making a cardbt>ard prc>pbller: 

CardKnifd. .V 2" x P4" 
^Soda straw 

( tit along the doffed lines as shown in diagram. 



push straw 
' f hrou3H here 




bend 




Fiquipment for making a balsa wihhI propeller: 

>^ SpiH)l 

Knife 

Strong twine 
Small finish nails 
Tenpenny nail 
Block of balsa or other si>fl WiHKi 
, , , * , , 4 * « <B{tH:ltf 44^«w<K»d.^ 2-'' 2'**\ J."-. 1 4 . * . <-.-^^ ^ 4^-^^^^ 
Hacksaw 

Nail <\\\\cx or tirge pliers 

Drive the tenpetiny nail into orie end of the w(H)den 
blcKk^Cut olT the head of tlur nail so that the nail is 
smarter than the length of the spool. I>rive the finish 
nails if|to one end of the sptH>!. Space them evenly 
hetwccn the hole and the edge of the s|^k)1 C arve a 
propeller fron> tfie balsa wc^hI. Drill two hi>!es in it 
to match tli^ finish nails on the spiH)l. Wind the string 
on tfie sptH^)i and pliice the propeller on it. making sure 
to piatch the holes to the finish nails. Pull the string 
hard and fast. 




0f 

(arffiilly ;miJ slowly push a pencil point through the 
tenter, turning the pencil as you do «u>. Make the hole 
just barely hip cmjugh to push the soda straw through. 
Hcnd the Nndes at irfi angle. Spin the strjiw between 
your finj-'crs Notiuc where you feci the breeze. 





string 




nail 
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The and pn>pel!cr are spun with great speed 

^and the devolving propeller will fly off, high into the air, 

. 4^ A simpler demonsiration can be d^ne by twist- 
in|( a pencU or chopstick tightly into ^e hub of the 
propeUi?r, Holc^ the stick l^tWcen the palms of btnh 
«hands. propeller up! ^ Roll it back and forth quickly 
three or four times and push it forth into the air. The 
prop, stick' and all, will fly off into the ail^and attain 
gttod height, demonstrating that a revolving prop creates 
thrusj; 




« 

c 



-» t 4 * t * « ' 



THE JET AIRPLANE 



a < < a C 



^ « 4 « « < 



A jet aircraft has no propeller. Instead it h^s a 
reaction engine in which fuel is burned to expand the 
air and build up great pressures. It also has a tailpipe 
thnnigh which ihc e!|panded air and other gases can 
escape. I he plane is moved forward by the pressure 
of the gases inside its engine. Its rate of sf^ed were 
it in a vacuum would be the same as that of the escap* 
ing gases. " 4 



50. You can sec how a ^t work^by an experiment ' 
which uses a toy balloon. Blow up the balloon; pinch ^ 
the neck^lo keep in the air. Ixt the balloon go. It 
shoots/across the room.. The air inside the balloon is 
pushing in all directions to get out. Some of the air 
escapes through the ofKvi neck, but the air ac the oppo- 
site end of the ballwn cannot get out^ so it pushes the 
balkx>n forward. v «^ 




HOW IS A PLANE CONTROLLED? 



t « « < « < « 



A car can go only right or left, but a plane must be 
steered up or down as well. It has parts on the wings 
and tail called contr<^l surfaces to help it. These can be 
demonstrated by the use of folded paper glidivs and 
jtyiiWti gliders. 

51. l otded paper glider. Use a piece of paper 

f he finished glider can be held together at the bot- 
tom with a paper clip. The paper clip can also be used^ 
for a balance. Hxpcriment with the glider, moving thc^ 
is<ip up or back as needed to (»bLnn pr4)pcr balanced 



etc 



^ '^folol here V 
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Experiment further by changing the |K?sition of the 
wings (Jice 52«V Up and down). ' i 

52. Control surfaces. Real planes have segments * 
inserted in wings, in the vertical stabilizer, and in the 
horizontal stabilizer. These are called ailerons, rudder, i 
and el(Nfetor. The pilot controls their position from the 
airplane ciKkpit, Wh^n he^ioves them into the air- 
stream*, they cause the plane to react to air pressure- 
By using them he can to the right or left and also ^ 
up and down. 



e can fl^> 




Oileron ^ 
vertical 



hoi^ixontal fttabiluer 



tin- . f 
rudder 



elevator 




Fold the back edges of the glider down. When you 
throw the glider, the tail should go up and the nose 
should go downt Thk*same thing happens when the 
pilot tilts the elevators downward, 




a. l ^p tmd donn. Fold Ihe back edges "t>? the paper 
glider up. as in the diagram. When you throw the 
glider, the tail should go down and the nose sht>uld 
pi>int up. It may take S4>nie practice to gel the control* 
set so the 'glider docs what you want it to do. 




When the pilot wants his plane to climb* he moves 
his contrc^ls so that the elevators tilt up in the same 
jvay that you folded the back edges of the glider: The 
air hitting the elevators pushes the tail of the. plane 
down, tilting the nose upward, so that the plane can 
climb. 



b. Hight and left. Turn the vertical fin oKi the glider 
a little to the right; the glider will lly toward4he right. 
The pilot moves his rudder to the right for a right turn, 
but he must also bank his plane for the turn, the same 
as you would do if you were turning on a bicycle. 
(You would lean to the right for a right turn.) The 
pilot tilts his plane to one sjde by u*iing the.ailen>ns. 
When one tilts up the oth^ills down. "* 

To tilt the plane to the right, the pilot tilts the left 
aileron down sti the left wing is pushed up. The right 
aileron is tilled up so the right v^ing will be pushed 
down. You can do tl^ sanw thing with a paper glider. 
(This princip^p can be illustrated also by suspemling 
the glider in a wind tunnel.) 




• For a left (urn, the pilot reverses the process de- 
scribed above. 
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To Suspend a Pafter Ulider in a Wind Tunn^; 

53. Equipment: ^ t 

. Airplane rubber * ^ 
Notebiwk reinforcement rings 

• CHue 
Pin 

Purchase airplane rubber ib% the yafd) at a hobby 
shop. Slip one ct;d of the rubber gut we en m tp '« m>te- 

# b(x>k reinforcement- rings and glue them together. 



r 



rubbtr 



otebook r6inforcemtnt \'\r\^ 



Faslcn this, end lo the glider as shown in the diagram 
below; then anchor with a pin. Even kindergarten 
children can use this methi>d of suspending a glider in 




anchor Y\f^ ^ilH d pin 
belo^ the win^^ at the 
center of 9r»y|t/> 



S4« Equipment: 
Balsa giider 

A balsa glider may^lso be used tQ illustrate ttte 
function of control surfaces. Aijsemble the glider and. 
' launch it a few times for practice. Make ailerons, elc-' 
vators, ^nd a n^der frixm rather lightweight paper; 
glue them to wings and stabilizers. Now» see what you 
can do wit^ thc\lider. Wit*h practice you will become 
skilled enough to make the glider tly w^crc you want it 
to fly. ' 

I'his kind of glider is excellent to use in a wind tun- 
nel to illusfrale the effects of control .surfaccs.^emcm" 
r what the control surface^ help the plane do: 

nimb The elevators are up. 

Glide or dive . . Th^ elevator?* are down. 

Right turn. . . .Turn the rudder rfght. ' » * ^ 

Right bank . . , The right aileron is up; left aileron is 

down. / 
[,^ft turn Turn the rudder left. 

Ixf,t bank. . . .Turn the left aileron up; right aileron 
down. 

THE WIND TUNNEL 

A HvW r/m;^ is a tunnel-like chamber through 
which air is forced at controlled vekxritics to study the 
airflow about the object suspended within it. Some 
wind tunnels are large cf^ugh to permit the action of 
wind pressure on huge airplaties or missiles to be ob- 
served, and in these the wind vckKity may have a forcq 
of ?;everal thousand mile5» per hour. Other wind tunnels 
are small, with sic^e models of airplanes mounted in 
them. ^''M^^iM^ ■ 



diierons 9lue<l on hkn 



f 




on her* 



eltvdtors 9|u«d 



T*^c paHs of f he plane 

ft' wing 

C horizontal stdblh'x.er 
& ffh, or vertical fttabMi^sr 
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The wimi funnel diAciibcd Ix'low is a simple ^nc for 
use with veiy yoiini: children. 1 his tytxrwas used very 
ettectively for six \%eeks with a kindergarten group, 
rhe efiildrcn made their own paper gliders and tested 
them in the tunnel. 

5.1. fujuipment: 

Piece of furnace pi|K* abi)Ut 4 fe^l long 
• Piece of pliotilm, acetate, o\ some other trans- 
parenf material for the tunnel window 
^ Separaiiims fri>m an egg carti)n 
Scotch tape 

C orrugated bi^x. the same size as the\egg car- 

ton scparatius ^ 
Small electric fan ^ 
B4>okbuuling tape or similar adhcsivcnipe 
2 small hooks, the kind used for hanging cups 
Metal she;)rs 



A 

open the egg carton separators and a*inforce the 
ciMueis with sciUch tape. <){X'n the corrugated box on 
lx>th ends and push the (laps msi^e the box* t*/ make 
the box stronger. Fit the egg carton separators into 
one end of the Ku. They should tit snugly. 

With a pair of metal shears, cut a window near one 
end t>f the furnace pipe, C't^ver the window with the 



transparent material, securing it to the p\pc w ith btx)k- 
binding tajx?. Fasten*^ the htx^ks in the pipe that 
#vhe\i the glider is suspcnikd from the top hook it can 
be i>bs<M*ved from the window. 

Set the egg carton separators (lush against the fur- 
nace pipe, at the end opposite^ t^ie w^mdow. Set the 
electric fan inside the box ^(ntaining the egg car- 
ton separators. Ihese separators "f^oneycomb" or 
straighten the swirling air c^rents from tlib ekctrjc fan. 



box 



* 




// ^ _ 

\ ^ 



77-1 



A 



egg carton 
sepArators / 




- fwnsce pipe 



fan inside 



t 



book 




window o.f trdhftparcwt 
material 
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HI WEATHER IS IMPORTANT TO AViATION 



GENERAL WEATHER CONDITIONS 

There are many kinds of wcather^weather may vary 
from day to day. ♦ 

56. Keep a weather calendar or weather chart. 
Use a large, printed school calendar. Circle each day 
with color representing the type of weather, such as 
orange for sunny, blue for cloudy, black for rainy. 

57- Chart the weather for a month, using weather 
symbols like the following: 




.Sunny 



C loudy 



Rainy 



Snowy 



^ Weather changes may take place rapidl;^. Record 
variations in weather during the day. try to choose a^ 
windy or very humid day. If a storm rises, note^how 
quickly it may have risen. 

. Weather combinations vary. Note types of precipila- 
lion accompanying hot days; cold days. Note also daily 
cloud formations and their approximate heights above 
the earth. 

Weather can often be predicted by obserting sky 
conditions. * 




5».^ Note' the degree of visibility. Is it affected by 
haze, fog, rain, or qjher forms of -precipitatibiv, or is» 
it clcai^^ > ' * - 

59. Note types of clouds: ^ 

^umulus: fluffy, cottony masses; may precede 
heavy r^ins and turbulent winds, forecasting 
. colder temperatures. ^ 




stratus: horizontal layers; rtiay be accimipanied 
by haze, fog, drizsJe, or rain, forecasting 
' warmer temperatures. 




60, Note forc^e of wind (scc^No. 6.*?). High winds 
mean weather changes are coming, 

61. Make a chemical hygrometer to show the mois- 
ture content of the atmosphere. ^ 

Equipment: 

Gum arable. ounce Small doll with 

Cobalt chloride^ I ounce coiion skirt 

^ Sodium chloride. 1/2 ounce C'aidUuird 

Calcium chloride, 75 grains Cotton doth 
Distilled water. . . 1 ounce 

Mix the chemicals into one solution. Dress a small 
doll with a skin t-; c\>:u>n cloth treuicd with'uic solu- 
tiim just mixed. C ut out cardboard rabbits and place 
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on them large cotton c\bt^ ears treated with this for- 
mula. To treat, dip cloth into solution; let dry. 

Cloth will be blue on dry» clear days; lavendar bn 
days when weather is changing; and pink when it is 
raining or the'- humidity rs hrgh.^ 

* 

62. Make clouds. ' ' , 

On a cold or foggy day,. let out your breath so that 
yon'Mh'!^(?i* it; - '"' -" \" 

Boil water in a teakettle. Hold a strainer containing 
ice cubes near iJie spout. See the clouds of steam. 
Make a Wilson Cloud diapiber (see No, 97). 

Measure pnu ifufafifm (the t^bservable moisture 
that comes out of the air \ . 



Equipment: 

Tall glass |ar, such as an olive jar, 2-inch 
diameter preferred 
4& Stopper with 1 hqk, to fit jar 

Funnel to fit hole, 4-inch diameter art top 
preferred 

Keep the jar outdtX)rs to jtri^? rainfall. Place it where 
surrounding objects will not interfere with rainfall. 
After each stbrm measure the height in the jar of the 
• accumulated fah. 

Insert funnel through stopper, and stopper into jar 
opening. If 4-inch funnel and 2-inch diameter jar are 
• being used, mark jar height into I -inch intervals. Then 
each inch of depth will" equivalent to ' i inch of 
rainfall. (Note: If jar and funnel are not of these 
dimensions, figure markings on jar in proportion.). 

^ , 64. Keep a detailed weather record. 

« 

Mak^ a^ chart like the one which follow;, and keeper 
a record for a -week. Make observations a\ the same 
time each day. 
< 

WIND 

Wintl' Han Voriv 

Many devices depend upon the force of^he wind for 
. their successful operation. Among these are pinwheels, 
windmills, gliders, balloons, sitilboats. fans, i^pd the like. 

U^. Make -a pin wlieel. using sheet of «, 
paper 9" X 9" {Sec No. 24) 



Weather Record 



Date 
















Precipitation 




i — -J 


1 jr- 

- 











Air temperature 


* / 














Air pressure 








i 








Relative humidity 
















Wind direction 





r 












Wind speed * 




»> 












Sky condition 


0 ■ 














Type of clouds 








1 
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Hold the pinwheel in a strong wind or out the win- 
dow of a mavmg* car. K)r make your **wind''' by run- 
ning. Wind will* cych the blades of the pinwheel and ^ 
make it spin. • 



Hold one end of the folded paper .firmjy and staple, 
using stapler several times and pn t«th sides if neces- 
sary. Holding stapled end, llip wrist rapidly so that the 
fan creates a "wind/* 



/ 





1 



I'.xpcnnicnt to sec whether there is any angle toward 
the wiod at which you might hoW your pinwheel with- 
4>ut It spinnin.u. When diKS it slow^mn .^ Is it when 
the plane ot ihc hludes ts parallel to the wind? Fach 
blade IS ,tn airfoil.X'.m you explain why? (See No. 42.) 

06* Make a \vindnull 
* liyuipmcnt: ' / 
Pinwheel 

Small fro/cn-juicc can (clean, empty J 
Paper, about 9" .\ 9" 
Sc4)tch i)r masking tape 

Wrap ifie paper around the can as shown in the illus-. 
iration. f asten it with tape. Insert the pinwheel shy/l 
through Ihc paper covering near the lop. PUtce the 
eompietcil windiniH in an open window so the blades 
wiH catch the biee^c. 






W^n<^ Ha* Convection CurreAls 

Convecthm current^ ar^ caused when healed air 
rises and cold air falls, (l-xplain why rhcre is better 
ventilation in a room when the window is open both at 
the top and the bottom. ) 

68. Hquipment: 

Stick of punk or cigarette paper 
Candle or other source of heal ^ 
Ice or other source of cold 

l ight a stick of punk or* if that is not available, use 
a piece of cigarette paper rolled so that it ^ill not hm n 
tiH)' quickly. Hold the smoking punk near hot objects 
(stove, radiator, lighted candle, hot brfck. lighted elec- 
tric bulb, etc.) and waieh the path of the Mnokc. Hi>UI 
the punk near trotd objects , {open refrigerator dcnu', 
cake of ice, ci>ld windowpane, cold brick, etc.) an^i 
watch the path af the smoke. 

69. To show that, heat rises:. J 

Equipment: j 
Glass lamp chimney 
X'andle 
Cover glass 
Wood splinter . 
Small sticks 

\ 



67. Make a fan. 

I-quipmcnt: * * 

Construction paper, \\" 
Stapler ^ 

Decorate ^th sit^s of a piece tA. construclion paper, 
11" X %W. Starting at the short side, fold over and 
under, with strips ^^'^id^, down length of paper. 
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Light the candle and place the chimney over it, rest- 
ing the chimney on sticks so that air can circulate 
under the edge. Put th? cover -glass over the top of the 
chimney. Light the splinter and hold it near the base 
of the candle so that sniukc will circulate inside the 
chiriincy* 

Watch the path of the smoke.. Remove cover glass 
an^ note changes in the path of the snio^e. As warm ^ 
air ri^s, cold air. falls to replace it. 

7u. To shpw^at cold &ir is heavier Ihtin warm'air: . 
fiquipmcj 



Z </iart"Si/c. dry. t:lass jars 
Smoking punk 

Sheet of paper ^ ' • *• ^ 

Hot water 

Put one jar into refrigerator, the other upside down 
umWr running hot water. 

^ After a few minutes, remove ihe jar from the refrij?-^ 
erator. Then let the smoke fr|m punk flow into the 
cold jar. Immediately cover the jar mouth wifti a flat 
piece of paper and place the hot jar over it. 

Remove the paper, and ^dich the path of smoke 
(convection currents). Keep the jars together, hut 
turn the«^pside down. Watch the path of smoWtis 
the coliHt^ descends. 




Winil May Vary in Force 

The force oj wind is measured in terms of the effects 
it produces* 



o^i 



7K Using a>^nwhed such as described on page 6, 
note whether or nW its speed increases as that of the 
wim^str^l^jn<: it increases. 

72. Look at the school flag outdoors on the pole* 
It max ^^^^i^ linip when wind of little force is present 
or be bUiwrt abtiut by winds of greater force. 



73. The force or velocity of the wnd is measured 
by an instrument called the anemorheter. Make a 
simple anemometer* 

Equipment: ^ 

Thin sheets of aluminum 
Dowel stock * 
2 glass beads ' • * ' % 

. 1-thin w<KKicn sticks, 18" x ^/x'' 
Aluminum sOlder ^ ^ 

The cups of the anemometer are made froifi the 
aluminum, ^ut 2 circles aboiif 4'' in diameter.* Cut 
these circles in half along the diagonal. Join thti straight^ 
ges with aluminum solcter, rtdking 4 small cups. 
Attach Ihe cups to 2 creased sticks, so that all Are 
heading in the same direction, as illustrated. Joih. 
sticks to dowel stock d\ follows: >fail, bead, crossed 
sticks. tM:ad, Jdowel stock. Beads will act as beafingt 
so the v^fld j^ill turn anemometer freely. - ' 

Note tha,t spinning is faster as the force of tte wind 

mcreases. » 




The anemometer may be calibrated with a fair degree 
of accuracy as follows: Hold it out the window of an 
automobile moving at a constant rate of speed. Note^ 
the speedometer reading and the dt^aance traveled and 
the revolutions per minute (rpm) of the anemometer. 
Drive the car back along the same road and note the 
same readings, being sure the speed of the car and the 
distance traveled are the same as before. Average the 
2 rpm counts to allow for the effect of any wind. 

Again drive along the same road the same distance, 
holding the anemometer out the window of the car, 
but this time increase the speed to a steady rati 5 or 
10 miles an hour faster than before. Repeat in the 
opposite dirccticin* recording the rpm each time, as 
Was dow before, and average them* On the basis of 
these counts make a table of the anemometer rpm*s 
corresponding to different wind speeds. 
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Wind Haii Dirrrtiun 
74» Make a wind vane. 

Fquipment: ^ 

f^cather ' < 
Straight pin 

Skxia straw ^ . 
New lead pencil with firm eraser 

Insert a 6V^8" feather in om end of^the st4w, glu- 
ing lightly, if desired. Find the balance point by hold- 
ing the ?v^raw^on extended finger so it will not tip; 
insert pin at this point and stick pm into eraser; Vane 
will move with the wind, always pointing in Ihe direc- 
tion from which ihc wind is blowing. Bind the pencil 
to pi>st outdcHirs where vane can s^ng freely. 



side; sppead them apart to form an angle of 20^ in 
order to catch the wind easily, using- a protractor to 
measure the angle AOB (sw illustration). Find the 
balaiK^e point by resting shaft on extended finger until 
arrowhead and tailpieces' bal;uKe level; drill hole at 
this point. Insert long nail in hole. Place tead on nail"' 
to ^t as bearing. Mount on post, preferably away 
from buildings. 

With compass, cteterminc north. Using the 12*' 
strips,, one marked N and S, and the Wber E and W, as 
pointers, nail the pointers on the -post to show direc- 
tion from which the wind"" fs blowing. Observe the 
changes. 




75. Make a weather vane. 

Fquipment: 

Thin wixhI strips (white. pine good): 

1 20'' X 4" 
'2 12" X 1" 

2 8" X 3" / 

l^ing^ slender nail ^ 

Small nails 

WcHHlen or glass bead 

?ost about MY high (or exposed corner of 
building, such as garage) ^ 



1 




76, Make u windsock. 

Equipment: 

Heavy cloth, about 36'' x 24" ' 
. 4 ^ngths (about 10" each) of heav 
Wire coat hanger 
Stick, ^about 36" long 
l^rge nail 
Wooden spool 



yfCire '^^^ 




Cut arr?W and shaft from 20" strjg^ Cut tailpieces 
from 8" strips. Nail them to shaft of arrow on each 



Form the hhnger into a Iwp abjjut in diameter. 
Attach thc^4 wires to this circular Iwp^it 4 cquidistjint ^ 
{K)ints on its circumference. Cut cloth into a sleeve 
(s^ diagram above). Sew sides together, making a 
cone, and sew larger end of the cone to k>Kp. Bind 
exfK^ cncte of wiri&s to the spinal. ^Ijfte ih^' f>aii^ 
through XY^ %poo\ so that the spool may pivot freely on 
the nail, agd hammer the nail into the end of the long 
stick. Mace stick outdoors;*Bail it to a tdl post or lo a ^ 
rooftop away from obstructions, so that the sock may 
^swing frwly with the wind. 
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T-hc hircc end (^t the soak will catch the wind; su 
thai the small cml uill yunni uw.iy from the direction, 
from which Ifiavuful i> hfovving. 4^r will drinip if there 
is not cnuutih iirul to keep it extended. 

Obscne the fn^siiion of ilie sinrk at dilTerent times 
for clKini^es in diicctiiin .mU force of'the wind. ' 

WifuKocks arc iiscit chiefly at airports to indicate, 
wimt diiecfiiwi for take(»Hs and landiniis.* They help 
the pilot ncIcl! \hc pr<i(vr runway. - ^ . 

TEMPERATURE 

The atmosphere and the earth receive thdt warmth 
from the sim. This uarmth may vary from ^lacc tol^' 
pjace afid from day It) day. lijCrdeurce lyi ht>tness of 
coldness of the around iis^s called , temperature, 

Temperatuic alUcts uur activities, the amount of 
chMhini', ue uear. tfjc kmd of outdctor exercise we 
take, anil tlic amount ;ind kind of food anil Hcjuid we 
consume. • 

A llti*rtiioitirti*r MritmirrH T«»iit|M'rulurf 

77. Make j pa^vi llicimtunetcr. 

f ijuiprnent: 

Still wluic pjpci. ah(HJt 12" x V 
\ani»\v while nhlH>n. aUuJt IS" long 
I kci! ink 

« 
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Pip about half the length of the riblx>n into red ink; 
let it dry. Cul from the center of paper n strip 10" 
long and the width of the ribbon. Make* a cut in the 
paper Vi" above and another I'l" Mow the space 
r?om which the strip Was^t; make these gashes slightly 
Umger than the \t idth of the ribbon. Insert the ribbon, 
with the red hajf toward the* lower end of the paper. 
Mark the paper in degrn'cs of temperatuix' tt/cover the 
range exrKrcted in llie classriuim. or wherever the 
tliermonieter will be used, to agree with a r^al one — 
say. from 50 to W Pull ribl>on up or down to 
rt^gister the proper temperature. 

78^*' Make an aic thermometef. 

Hquipment; 

(ilaiss bottle, l-pmt si/c 

Rubber stijpfier with I hylc 

(Hass tubing to lit hole, 24/" Jong 

Water . ♦ ' 

l^ye or colored ink 

Sealing wax or paratlin 

Scotch or maskmji tape ^ « 

CardK>ard strip. Itr x J" 

Orilinary thermometer 

Place the glass tubWig. sealed at one end. through 
the stopper. Fill fhe lube full of water colored with 
the dye. Ouickly invert the tube, placing the lower end 
in a fxntlc abniut cme-fomjji full of the colored water. 
Press the stopfvr hrmly in the botllc. Adjust the 
liquii^ in tbe tuN: by hnisening the stopjvr or pressing 
it further into the k>ttle until Jjlie liquid is abtmt half 
way along the exposed portion of the tul>e atxivc the " 
stopfvr. fhen seal witfr\l'ax the*tuhc in the stopper 
and the stopfx'r in tfie, biMtk\ Tape the cardbc^ard to 
the tul^e ab<5te the* stepper. 
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Note the temperature on an accurate thcrmo^ieter. 
Record this icnijxpturc on the cardboard, which will 
act as a temperature scale, , Place the thermometers in 
a ditlerent temperature situation and leave them for a 
few minutes tt» allow the thermometers to register the 
new temperature. Note the new reading and* mark on 
the scale. Carefully measure the distance between the 
two readings on the scale, and mark other deg^ves of 
temperature, on it. as all other changes will \k in the 
same propc^rtion, - ^ ^ \ * 
IViii|M ratur*- !)<*lrritiine the i:>Ale of llie 

Tyixrs <)f precipitation depend on temfxrrature: rain 
m warm wcat!)cr. snow and ice in cold weather.^ 

To tind what hSppens to water when temperature 
g4H!s below 32 F; 

) ' . ' 

7M. liquipment;- 

Glass bi^ttle, preferably tall and thin 

Screw c«p 

Water 

Masking tape- 

' t ill the NHtlc to abinit an inch from the top and 
mark level or\ the outside with masking tape. Put bot- 
4le outdwrs in the shade if^ the day is very cold— 
below 32 I*. If the day is warmer than 32 ' F., put 
the bottle, standing upright, in the freezing compart- 
ment of a refrigerator. Observe what hapfwns to the 
level of water as ice crystals begin 1o form irt il. Note 
change in ijie level when the water is completely frozen. 




The Sun i;ive« Ileal 

- 80. Ifold one hand in itie sunlight ami the other in 
the shade; feci the ditTcrence. 

81. Observe that other materials give off heat and 
light under certain conditions. 

FeVl a candlewick, light a candle. See the flame 
and feel the heat. 



.Fetl an electric light bulb. Switch the electricity on. 
See the glow and feel the heat^ 

Feel a cold steel bar. Pl^c it across a hot flame. 
See the red- or white-hot glow and i^autiously feel the 
heat. 

♦ > 

The S^un VAm*3 Mort-'lleat In Summer Than In 
Winter ^ 

The sun gives more heat in summer Ijecause light 
and heat rays travel in a straigh^line from their source. 

0 

^Summer 





liVintcr 

ft2. To show what happens when light rays strike 
a surface: 

^ [Equipment: ^ 
Fl/shlight 

Paper tube, large enough to lit around flash- 
light 

Large sheet paper 
Table 

Lay the paper on a table, Pittshe paper tube around 
the flashlight. Turn on the tlashlight and direct its rays 
straight down on the paper. Draw a circle around the 
outline of light. Notice bnuiftficss of reflected light. 

Then hold the llashlightat an angle of about 45'\^f 
t:)raw around the ligh^ retlccted on the piif^r and notice 
its brightness. Compare the area of the circle with that 
of the oval, .^i^^ p 
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\ 8$. 'To show how the an^ 
temperatufe: « 
I Equipment: 



of tbe^ 



i rays affects 



/ 



2 small boxes fUled with sand 
2 tl^mfoimters 
Wooden blocks 

Lay a thermometer in ^h hox^ with the tnilbs 
lightly buried in the sand. Tt^n put tte boxes in the 
sun for a few minutes. R^x)rd the temperatures; they 
should be tl^ same, kaise one bok from the ground 
by placing small blocks uiulermath. Tilt tl^ otl^r by 
placing i>tocks uncfer one ^ge of box, so that tin: 
sun's rays fall perpendicular to thb thermometer (i.e., 
strike the tl^rmbmeter at right angle). Leave the lK)xes 
in the sun for a few minutes knd then r^rord the 
temperatuije. , / 



\ \ N N ^ \ V \ \ \ ^ 



\ 
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^\\\ P \\\ ^ 

^ \ V \ ^ ^ \ ^ ^ ^ ^ 



The tilt^ thermon^ter r»:ords the result of the 
diredt rays of tte sun ^hich represent the direct rays 
of summer. The level thermometer records the B4gu!aV 
rays of winter. The tilted tl»rmometer should have a^ 
higher reading than tt^ level O^rmometer. It is pos-^ 
sibie to obtain a greater ocmtraat oi angle, and tbere^ 
fore of temperature readings, K^n this demonstration 
is perfomjed in winter. 



The Stin'to Heat Vsriei During the Day 

Note that t}% angle of the sun*s rays varies during 
tte day, leaching its lar^st an^ at midday. Remem* 
bering the pr^reding experiment, you can conclucte 
that the heat r^it^ varies also. ^ 

84» M^ke a record of thermmneter readings in the 
shade at regular intervals during th^ day* Note that 
as the sun's rays increase the heat around us, the liquid 
in the tlmrmometer expands and rises; note that as 
night approaches the temperature begins to fall. 

85» Plac» one thermometer in the sun, anott^r in 
the shack. Record the readings of each at regular inter- 
vbIs during the day. 

8<k Tte cfensity of the liquid in a thermon^ter 
^ries with the trfraperatuse around the bulb. Place 
thermometers in such places as a dish of ice water, 
outdoors on a cool day and on a warm day, 4nck)ors 
on a very cold day, in the sun, in the shade, over a 
radiator^ in hot water, in your armpit, in the refrigera- 
tor, and f^r a glowing electric light bulb. ^ 

The Tempep^n Changes With the Seaaona 

Seasonal changes iniemperature are the result of 
changes in the amotfnt of heat received by the earth 
(xpm the sun^ 

Note the position of 4^vjnter sun fairiy low in the 
sky even at midday in temperate zones,' accompanied 
by long shadows and with little warmth. Compare 
these conditions with ^ those of the other seasons (see 
Ngs^82, .^3). 

r 

^ Shadows change in !en^ and position as the sun 
appears to move fn an arc across the sky. 

87* Make a shadow stick. 
Equipment: 
3" nail 



Board about IC square 
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Put nail in the board centered r^ar one ed^. M^rk 
an S at edge of board in front of the naiL Place the 
bo^ in a spot which will have sun all day» being sure 
that the edge of the board with tl^ S and the nail are 
facing south. Mark along « the line of shadow every 
hour on the hour. 

88. Observe your own shadow at different times of 
^ jhe day and during different days of the season. 

89. Observe the shadow of the school flagpolf . 

90. If a schtK>l window sash makes a^^ttcrn on 
the floor, draw, with chalk, outlines of the pattern on 
the floor at intervals of- an hour or so, and nbte the 
apparent path of the sunlight. 

91. Fun with shadows: make shadow pictures 
against a light-colored wall or screen. If there is no 
sunlight, use another' source of light, sucb as a bright 
lamp or a projec!t>r. 

92. Note that shadows disappear on a cloudy day. 

The Sun VA\en U^ht Day and Night 

It is shining all the time on some part of the earth. 
When we look at the moon we see reflected sunlight. 

93. Fquipment: 

Globe of the world 
Flashlight 



Point the lighted flashlight in the directi^ of New 
York City on the globe. This side of the globe repre- 
sents daylight; the o[^$ite or dark side represents 
nighttime. (Whcnit is 12 n<K)n in New York City, it 
is midnight in imigkok, Thailand. ) Turn the globe 
so that th^V^t^o^^ York City and Bangkok 

are reversed. What time is it in Bangkok? In New 
York City? 



If a globe is not available,, mark approximate j^si* 
tions of these two cities on a basketball, grapef^it, or 
balloon. 
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94, Equipment: 

5 pieces of cardboard, 8" x 12" (cardboard 

inserted in laundered shirts are gtK>d) 
Cardboard, to make hour and minute hands 
(humbtacks 

Masking tape, hght colored ♦ 
Red and btack crayon 

* Draw circle and numerals on each 8'" x 12" card- 
board to resemble ifu: face of a clock. Cut out minute 
and hour hands, color them, and attmch a set« to each 
cliKk by means ol^ thumbtacK^ Label clocksj New 
York, New York; San Francisco, California; Berlin, 
Germany; Bangkok, Thailand; and Yokohama, Japan. 

Make small signs to show daylight and nighttime, 
using the masking tape and lettering the AM and Noon 
signs in red crayon and the PM and Midnight. signs in 
black. (Sec p. 27) 

Set the clocks as follows: New York at 12 noon; 
San Francisco, 9 a.m.; Berlin, 6 p.m.; Bangkok, 12 
midnight; and Yokohama, 2 a.m. (the next day). At- 
tach the masking tape signs, above the faces of the 
clock. Note in what parts of the world it is daylight 
and where it is nighttime. Then move ail clocks^head 
3 hours; 6 hours; 1 2 hours; each lime "be sure to chan^ 
the AM and PM signs. 

<* 

MOISTURE IN THE AIR 

Ifumidily 

Uumklity is the apiount of moisture in the air. (Sm 
•pp. 7,8.) - ^ 

Relative humidify is the amount of moisture in a 
given bixiy of air compared 'with the amount it is cap- 
able^of holding at the prevailing pressure and tempera- 
ture additions. 

Relative humidity is determined with the help of a 
wet and dry bulb thermometer or a sling psyt hrometer. 

95. Equipment: 

2 thermometer! matched for accur^y 
Board large c|i>ugh to hold both ttirmom- 

eters nailed side by side on it 
Cotton bag or wick to fit tightly over 1 bulb 
Wooden spool 
Long bolt and nut 

To make a sling psyohrometer, remove the metal 
guard from one thermometer ami cover its Inilb tightly 
with the cloth Df^wick. Nail both tl^e thermometers 
onto the board. Using the nut and bolt, attach the 




ft* soft wood 
dboord 



>pooi 



\ 

or uuick 

spool to the upper corner of the board, so that it will 
rotate freely. 

Dip the cloth in water- Hold the spcxil and whirl 
il rapidly above your head. Record the temperature 
otMierved on each thermometer. The wet bulb should 
read the lower- 

From the relative humility chart, determine the rela- 
tive humidity, using the readings of both thermometers. 

HOW TO USE CHAR I : 

When wct-and-dry bulb thermomclcr readings are 
known, find intersection of the two solid temperature 
lines. At this spot read relative humidity on long- 
dotted lines and ctew p6\T\X% on short-dotted lines. 

For example, if air temperature is 8.S and wet bulb 
temperature is 75 their intersection fx^int on the chart 
shows the relative humidity to be aN>ut 63' ^ , and the 
ikw pi?int to be about 7 1 

To use the sling psychrometcr yi>u have Inade as a 
stationary wet and dry^ulb thern1i?meter. put a small 
bottle containing water under the wet^bulb and let a 
length of cloth hang down into the htittlc so that ihtf 
cloth remains wet. When reiuly to take readings, use 
the relative humidity chart as before. 

Dew Point 

Dew point .is th^ temperature at which the air be- 
come saturated wnh water vapor and the relative 
humidity becomes 100 percent. / 
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CHART TO DETERMINE 
RELATIVE HUMIDITY AND DEW POINT ^ 

t 




/ 
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96, To determine the dew point: 

I^quipment: 

PiHished aluminum water glass 
Crushed ice or small ice clitH!s 
RiK>m thermometer 
Water 

Fill the glass onc^half full of water at rwm tem- 
perature, making sure that the glass is dry on the out- 
side. Put the thermcjimctcr into the glass. Add \te 
siowly, caiefuiry noting changes in the temperature of 
the water and watching for condensation (tiny drops of 
water )j^o occur yji the outside of the ghiss- The tem- 
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pcraturc at which condensation logins is the dew {X>int. 

Repeat the exfX'riment, using dry ice (CO.) instead 
of ice cubes, and note ''frost*' forming on the outside 
of the^giass. 

Repeat on ditferent days, and record. 

CiKil iiir can hold less water vaptu than the same 
volume of warm air. if saturated air is CiHiii|d beiow 
the dew point, cqndensation occurs. 

97. Jo produce and observe the phenomenon of 
condensation of water vapi>r, make a Wilson Cloud 
Chamber. 

Equipment: - 

C arton, about 20" x 20" x 10" 

Tall jar witK straight sides, such as large s\2£ 

peanut butter jar 
CotTee can, l-fK>und size, clean and empty 
^ Piece of thick felt, cut slightly smaller than 

the coflee can 
Box or bi4K'k io support the jar 
5 pounds of dry ice 
Hot water 

Large sheet black construction paf^r 
\ f'ilmstrip projector 

Masking tape * 

Cut a btHc in the top of the carton into which the 
jar exactly tits. Put the dry ice into the carton. Put a 
supfx^rt under the hole and place the jar on it, so that 
about an inch of the jar isAvithin the carton. Put mask- 
ing tape around the jiu* so that no air can pass around 
it, inuy or out of the carton. 

Phtce the pafxrr Ix'hind the jar and carton so that 
it can be seen through the jar. Set up the projector so 
that the beam passes through the jar hori/ontally. 



Glue the felt to the underside S the coffee can. Soak 
the feft. Fill the coffee can almost full with very hot 
water. Place the can on the jar, with the fell pressing 
♦ on the j;fr's edge. ( See diagram. ) ' 

Observe condensation: water vapor will foi-m into 
clouds, and convection currents will cause them to cif- 
culi^te within the jar, the cold aii rising along its sides 
and the warm air descending at its center. When the 
vajx^r clings to particles of dust within the jar, the 
falling of "rain'' is visible. After about 20 minutes, 

■ 

when the water in the jar has changed to ice at its 
bottom^ it is possible to see streaks within the^jar. 
These streaks are cosmic ^lys. 

98. l!^tecting moisture in the air with a hair hy- 
grometer: , 

tquipmenl: 

r.mpty milk cartoR 
lairge sewing necdie 
' Brcxmi straw, 2" long ^ 

Scotch or masking tape 
Penny . 

9" human hair, wiped clean irf oil 
4 thumbtacks ^ 
Paper clip 
Dishpan 

Cut the carton si> as to make a small hori/imtal slit 
near the top; insert the paper clip ( Fig. 1 . ) 

Cut a vertical slit near the^ottom. Ihen cut hori- 
zontal slits perpendicular to tnis cut at its end points — 
like an H on itUside. { f ig. F.) 

Pry outSlhe Maps thus made imd K'nd them to an 
upright |K>sitlfe«u--insert the necdie thiough these iUps. 
(Tig. 2.) 
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coffee ca»i 
^ hot tod+e*- 




black paper 

light 



cai-tori 




clouds 



ram 



dry 



tee 



Clouds forming 
C6n dentin 9. siaufcd 
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Tie the hair to the paper clip, wind it around the 
needle, tape the penny to the other end of the hair, 
and let the penny hang over the end of the box, which 
should be lying on its side. 

Put a card with a scale on the side of the carton 
under the stra\v which has been pushed through, the eye 
of the^eedlc. (Tig. 3) 

Place the hygrometer on a wet towel in a dishpan 
and cover with a damp cloth. After 15 minutes remove 
it from the cloths and set the straw at numeral 10 on 
the'^scale. Watch to see whether the straw moves- 

Since humid air causes the hair 'to sttetch an(Hlry 
air causes it to shrink, the straw should move toward 
the dry end of the scale as the hair dries. 

Evaporation ' 

When water evaporates it becomes vapor, taking heat 
from materials around it in the process. 

99. Wet your hands. Note that they feel cool 
while the water on them is drying (i.e., evaporating). 

100. tquipment: 

2 glass jars, the same size 
Masking tape 

Fill 2 clean jars with the same amount of water. 
Cover one of the jars tightly. Put the jars in a con- 
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spicuous place where they will remain undisturbed. Put 
a strip of masking tat>c at the water-level line of each 
jar. Observe them at regular intervals for several days 
and again mark the water levels. 

The water evaporated mixes with air water vapor; 
it is invisible. The water cyde usually is as follows: 
• water-vapor, clouds, and rain. ^ 

* ATMOSPHERIC PRESSURE 

The tx)dy of air which surrounds the earth is called 
atmosphere. Since air itself exerts pressure (pp. 3, 4 & 
5), the pressure of the air surrounding the earth is re- 
ferred to as atmospheric pressure. 

At sea level, air e«rts a pressure of 14.7 pounds per 
square inch, but a cubic yard of it weighs only about 
2 pounds^ ^ 

101, Atmospheric pressure is measured by a 
bammiuer. 

Equipment: 

Small glass or beaker 

Glass barometer tube 36" long, closed on 
one end 
V Mercury 

Ring stand witk clamp « 
Cardboard strip, 2" x W 
Scotch or masking tape 
Yardstick 

Pour the mercury into the barometer tube, filling it 
corrtpictely. Pour the remaining mercury into a beaker. 
Place a finger over the open end of the tube and invert 
the tube, lowering it carefully into the leaker contain- 
ing the remainder of the mercury. Clamp the tube 
upright on the stand. 
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Mark a scale ini*hcs and half inches on the curd- 
lx>ard, and label \i from 24 to 36 inches. With the 
yardstick, measure the actual height of the mercury 
column and attach the scale to the proper spic^t on the- 
tuK\ 

/ Watch the day-to-day variations in the height^pf the 
mercury. Record (eadings of these. Compare them 
uith radio and n^spa{>cr reports of UH:al Jjiirometric 
pressure conditions , 

NOri-: Be verf^ careful that the mercury 



diKs not C4>me in contact with any jewelry 
you may be wearing. 



ll>2- The deeper water or air gets, the greater the 
pressure becomes. 

■ I-quipment: 

Large fruit-juice can * 
Ice pick 

Puncture several holes of the same si/e. at dilTerent 
levels, in the side of a large fruit-juice can. Notice the 
.weakness of force witlj which water escapes from the 
upper hi>res. I he/^ Dncs' near the bottom, with the 
greater hefght of water above them, have water sh(H)t- 
ing out at some distance. 

Watch what happens as the water runs out and the 
level of ttre water lowers. Do all the streams run with 
less force than they ^id at the start? y 

( 




HKJ- Make a siphcm. 

I^quipment; 

2 identical glass jars 
Rubber tubing 
, Wooden block, 2r .thick - ' 

f ill one jar with water. Put jars side by side on a 
table Fill tube with water, close one end with your 
finger, and lower the other end into the water in the 
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jar before removing finger. Watch wUat happens to the 
level of water in each jar. 

Raise one jar by putting the bjock under it. Again 
watch water levels. 1 he water remains at the same 
height in each jar regardless of the dilTcrence \fi height 
of the jars, because the atmospheric pressure is the 
same on the water surfaces in each jar. 

To *Jiow that, air moves from a high to a low 



To fJii 
pressure area:) 

F;quif^ient . 



Utsivy glass tube. aK>ut b" long and T' in 

■•iliamcter ' 
2 tiiy balloimsof the same size 

Place one' ball^^on over one end of the tube. Inflate 
the other b^lkx>n and. hoJding the neck of the balloon 
tightly to a^^okl losing air. s\fp it over Hie other end of 
the tube, ^eldii^^e the neck and observe results 




Air rushes. from the inflated ballcnm to the empty 
T>all<H>n, When the air pressures inside the two balliHrns ' 
become equnt, the air stops moving from one to the 
other. Are they now the same size? 

lO.n The principles learned ab*>ut air pressure are 
put to work in modern instruments, such as the mam-^ 
fold pressure f^au^e used in aircraft. Make a simple 
manifold pressure gauge. 
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l-qiiipm^nt: 
Small jar 

Rubber from a balUwn 
Short soda straw ^ 
Miuic! airplane pluQ 
Very large jar. with a screw cap 
^ * l ength of rubber hose 
Scotch or masking tape 

Cover the small jar tightly with the rubtn^r. Glue 
S4H!i9 straw tii it so that one end of the straw is in thd 
center of the jar's top. Put the small jar into the \ 
larger one. Punctun: ihc lid of the large jar with a 
nail, forming holes in a circular pattern the size of the 
rubh;r hose. Punch out this pattern. Insert the hose 
in the hole thtis formed and, with tape, seal any spAcc 
where the hi>se enters the screw top. 

Blow through the tuK* (t|ie manifold pressure in- 
crea«)es) and notice how the* straw moves up bccau?^ 
pressure on the small jar increases- If air is sucked 



out of the tube, the straw should move down, because 
the pressure on the small jar decreases while the pres- 
sure within it remains the same. \ 
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